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Objectives Methotrexate is considered to be firstline therapy for rheumatoid arthritis (rA). However, a substantial proportion of treated patients do not achieve the desired goals of therapy. this analysis aimed to identify predictors of insufficient response to methotrexate in patients with early rA. Methods the optimal protocol for treatment Initiation with Methotrexate and Adalimumab (optIMA) and prEMIEr studies in patients with rA for <1 and <3 years, respectively, examined the efficacy of methotrexate and adalimumab in methotrexate-naive patients. this post hoc analysis included patients for whom initial methotrexate monotherapy was not successful after 6 months. Candidate predictors of insufficient response and clinically relevant radiographic progression (Crrp) included demographics, baseline disease characteristics and time-averaged disease variables over a 12-week interval. In optIMA, adalimumab was added to therapy after insufficient treatment response; in prEMIEr, initial methotrexate therapy was continued; clinical, functional and radiologic outcomes were assessed after 1 year. results Baseline 28-joint disease Activity Score based on C-reactive protein (dAS28(Crp)) and time-averaged dAS28(Crp) over 4, 8 and 12 weeks were the strongest predictors of insufficient response to methotrexate and Crrp. Addition of adalimumab to methotrexate therapy was associated with better clinical, functional and radiographic outcomes after 1 year compared with continuing on methotrexate monotherapy. Conclusions In patients with early rA, baseline disease characteristics and early disease activity can predict response to methotrexate treatment and radiographic progression at 6 months. the addition of adalimumab at 6 months after methotrexate failure is associated with improved outcomes. these results support treatmentto-target strategies and timely adaptation of therapy in patients with early rA. Trial registration number nCt00420927, nCt00195663; post-results.
InTrOduCTIOn
Disease-modifying antirheumatic drugs (DMARDs) such as methotrexate are currently recommended as first-line therapy for the treatment of rheumatoid arthritis (RA). 1 2 However, if patients do not attain the desired goal of therapy (eg, remission or at least low disease activity (LDA)) after 6 months of an initial treatment strategy, consideration must be given for adjustment of therapy. 1 Furthermore, joint damage, one of the hallmarks of RA, develops in many patients during the early stages of the disease and can continue despite conventional synthetic DMARD therapy, leading to bone and cartilage loss. [3] [4] [5] [6] [7] Adding a biologic DMARD could be considered in patients with an insufficient response to methotrexate when risk factors are present. 1 The Optimal Protocol for Treatment Initiation with Methotrexate and Adalimumab (OPTIMA) and PREMIER studies examined the efficacy of methotrexate and adalimumab in methotrexate-naive patients with early RA. 6 8 The studies used different protocols when patients did not achieve response to methotrexate after 6 months: in OPTIMA, adalimumab was added to therapy from week 26 onward for patients with insufficient response to methotrexate, whereas in PREMIER, initial methotrexate therapy was maintained for up to 2 years.
The objective of this post hoc analysis of data from the randomised, double-blind OPTIMA and PREMIER studies in patients with early RA was to identify predictors of insufficient response to methotrexate and clinically relevant radiographic progression (CRRP) after 6 months of methotrexate monotherapy, as well as to evaluate the subsequent benefits of treatment adjustment (OPTIMA) versus no treatment adjustment (PREMIER).
MeTHOds study patients, designs and treatments
The methods and results of the trials have been described previously (see also online supplementary table 1). 6 8 9 Briefly, OPTIMA was a 78-week, randomised, double-blind, double-period, phase 4 trial conducted between December 2006 and July 2010. 8 9 In period 1, methotrexate-naive patients were randomised 1:1 to receive adalimumab 40 mg every other week plus methotrexate weekly (titrated to 20 mg/week by week 8) or placebo every other week plus methotrexate weekly for 26 weeks. In period 2, patients who did not achieve the stable LDA target during period 1 continued or initiated adalimumab 40 mg every other week 6 Patients were randomised 1:1:1 to receive adalimumab 40 mg every other week plus methotrexate weekly (titrated to 20 mg/week by week 9), adalimumab 40 mg every other week plus placebo weekly, or placebo every other week plus methotrexate weekly for 2 years. This post hoc analysis included only patients who received initial methotrexate monotherapy in OPTIMA or PREMIER and did not achieve stable LDA. Stable LDA was defined as achieving 28-joint Disease Activity Score based on C-reactive protein (DAS28(CRP)) <3.2 at two consecutive assessments (weeks 22 and 26 in OPTIMA and weeks 20 and 24 in PREMIER).
Assessments
Predictors were assessed for insufficient response to methotrexate, defined as not achieving stable LDA at 6 months, or experiencing CRRP, defined as an increase in modified total Sharp score (mTSS) of >1.5 from baseline to 6 months based on a prior definition of increase >3 in 1 year. 10 Stable DAS28(CRP) <3.2 was chosen as the definition of insufficient response because it was the primary endpoint at the 6-month time point in the OPTIMA trial 8 and was the decisive outcome for subsequent randomisation for the phase 2 portion of that trial. 9 Assessments after 6 months (week 26 in OPTIMA and week 24 in PREMIER) included clinical outcomes at week 78 for OPTIMA and week 76 for PREMIER: the proportion of patients achieving LDA (DAS28(CRP)<3.2), DAS28(CRP) <2.6, Simplified Disease Activity Index (SDAI) ≤3.3 and Clinical Disease Activity Index (CDAI) ≤2.8. Physical function was evaluated using the Health Assessment Questionnaire Disability Index (HAQ-DI) and reported as the mean score at week 78/76 and the proportion of patients achieving clinically meaningful improvement in HAQ-DI (change of ≥0.22) 11 from week 26 to 78 (OPTIMA) or week 24 to 76 (PREMIER). Radiologic outcomes were assessed using the mTSS and reported as the mean score at week 78/76 and the proportion of patients achieving change in mTSS (ΔmTSS) of ≤0.5 from week 26 to 52 or 78 (OPTIMA) or week 24 to 52 or 76 (PREMIER; value at week 76 estimated from linear extrapolation between actual assessments at weeks 52 and 104).
statistical analyses
Backward logistic regression was used to identify potential predictors of insufficient response to methotrexate therapy and CRRP during the first 6 months of therapy in a pooled analysis of patients with available data in OPTIMA and PREMIER. Two models were used. The first model included demographic and disease factors (including DAS28(CRP), SDAI or CDAI) at baseline only. The second model included baseline factors and postbaseline, time-averaged disease parameters for three time intervals (through 4, 8 and 12 weeks of methotrexate exposure; three separate models fitted). Time-averaged variables were calculated as area under the curve standardised for length of time interval. Factors were removed from the models if their significance level rose to 0.1.
The percentage of patients achieving DAS28(CRP) <3.2, DAS28(CRP) <2.6, SDAI ≤3.3 and CDAI ≤2.8 at 1 year after the 6-month assessment was analysed using non-responder imputation and Χ 2 test (or Fisher's exact test if ≥20% of the cells had expected counts ≤5). Differences in mean outcomes between patients who switched to adalimumab rescue therapy in OPTIMA and patients who continued to receive methotrexate monotherapy in PREMIER were assessed using a t-test. A multivariate logistic regression adjusted for study (OPTIMA or PREMIER) and baseline characteristics (age, sex, RA duration, rheumatoid factor status, previous Clinical and epidemiological research Figure 1 Backward logistic regression analysis of baseline predictors, including DAS28(CRP), of insufficient response to methotrexate at 6 months (A) and CRRP at 6 months (B) in patients with early RA receiving methotrexate monotherapy. Insufficient response to methotrexate was defined as not achieving DAS28(CRP) <3.2 at weeks 22 and 26 (OPTIMA study) or weeks 20 and 24 (PREMIER study). CRRP was defined as increase in mTSS of >1.5 from baseline to week 26 (OPTIMA study) or week 24 (PREMIER study). Predictors analysis considered 500 methotrexate insufficient responders and 156 methotrexate responders; CRRP analysis considered 481 patients without CRRP and 163 patients with CRRP. The OR for each continuous variable (age, BMI, CRP at BL, DAS28 at BL, mTSS, PGA at BL, Pt Pain at BL, RF and weight) reflects the effect of a 1-unit change in that variable; thus, the ORs differ partly because of the different relative meaning of a 1-unit change, such as for DAS28 (scale, about 1-10) compared with SDAI (scale, 0 to about 86). The full regression models, before elimination of factors with p≥0.1, included age, race (white vs non-white), sex (male vs female), weight, RA duration, RF, BMI and mTSS; BL values for CRP, tender joint count based on 68 joints, swollen joint count based on 66 joints, Health Assessment Questionnaire Disability Index, Pt Pain, Pt Global Assessment of Disease Activity on a 100 mm visual analogue scale, PGA and DAS28; and prior use of DMARDs (yes vs no), number of prior DMARDs and prior use of GCs (yes vs no). *P<0.05; statistically significant difference. BL, baseline; BMI, body mass index; CRP, C-reactive protein; CRRP, clinically relevant radiographic progression; DAS28, 28-joint Disease Activity Score; DMARD, disease-modifying antirheumatic drug; GC, glucocorticoid; mTSS, modified total Sharp score; MTX, methotrexate; OPTIMA, Optimal Protocol for Treatment Initiation with Methotrexate and Adalimumab; OR, odds ratio; PGA, Physician Global Assessment of Disease Activity on a 100 mm visual analogue scale; Pt, patient; RA, rheumatoid arthritis; RF, rheumatoid factor; SDAI, Simplified Disease Activity Index.
DMARD use, tender joint count, swollen joint count, CRP, DAS28, HAQ-DI, mTSS and erosion score) was used to determine the odds ratios (ORs) of achieving categorical clinical, functional and radiographic outcomes between the OPTIMA and PREMIER patients.
resulTs

Predictors of insufficient response to methotrexate and CrrP at 6 months Patients
The pooled analysis (PREMIER and OPTIMA) of predictors of insufficient response to methotrexate included 525 insufficient responders and 162 responders who had data for all independent variables. The pooled CRRP analysis included 171 patients with CRRP and 499 without CRRP. More patients with an insufficient response to methotrexate were women and had significantly higher baseline mean values for age, CRP, tender and swollen joint counts, DAS28(CRP), SDAI, CDAI, HAQ-DI and mTSS compared with patients achieving stable LDA with methotrexate (table 1) . Similarly, patients with CRRP had significantly higher mean CRP, tender and swollen joint counts, DAS28(CRP), SDAI, CDAI and mTSS values at baseline versus patients without CRRP (table 1). 
Model with baseline factors
In the baseline model, DAS28(CRP) was the most statistically significant predictor that was positively associated with insufficient response to methotrexate and CRRP at 6 months ( figure 1A,B ). In separate analyses, SDAI and CDAI also predicted insufficient response to methotrexate at 6 months, similar to the primary analysis with DAS28(CRP), but did not predict CRRP (online supplementary figures 1 and 3). Male sex and prior use of systemic glucocorticoids were the strongest negative predictors of insufficient response to methotrexate (figure 1A; online supplementary figures 1A and 3A); prior systemic glucocorticoid use was also a negative predictor of CRRP (figure 1B; online supplementary figures 1B and 3B).
Model with baseline and postbaseline factors
In the baseline and postbaseline (time-averaged) predictors model, higher time-averaged DAS28(CRP) through week 12 was the strongest positive predictor of insufficient response to methotrexate and CRRP at 6 months (p<0.001 for both; figure 2 ). Additionally, high values of time-averaged DAS28(CRP) through weeks 4 and 8 (p<0.001 for all) were also positive predictors of insufficient 
Clinical and epidemiological research
Disease activity
Although by definition none of the patients evaluated here had achieved stable LDA (ie, on at least two assessments) by 6 months, a small and similar percentage of patients achieved LDA (10% vs 12%) in OPTIMA and PREMIER at 6 months (week 26 or 24, respectively). The mean (SD) DAS28(CRP) scores also were similar at the same time points (4.5 (1.2) vs 4.4 (1.1); p=0.144).
After 1 year of additional treatment (ie, at week 78 in OPTIMA or week 76 in PREMIER), a significantly higher percentage of patients who received adalimumab rescue therapy at week 26 in OPTIMA, versus patients who continued to receive methotrexate monotherapy in PREMIER, achieved LDA (64% vs 41%, respectively; p<0.001), and their mean DAS28(CRP) score was significantly lower (2.9 vs 3.6; p<0.001). Similar patterns of improvement were also observed in the proportion of patients achieving DAS28(CRP) <2.6 (48% vs 19%), SDAI ≤3.3 (32% vs 10%) and CDAI ≤2.8 (32% vs 10%) at week 78 (OPTIMA) or week 76 (PREMIER), respectively (all p<0.001), as well as in mean SDAI (10.3 vs 16.0; p<0.001) and mean CDAI (9.5 vs 14.9; p<0.001). In multivariate regression analyses, switching to adalimumab rescue therapy was associated with significantly greater odds of achieving LDA (ie, DAS28(CRP) <3. 
dIsCussIOn
Although methotrexate remains the first-line treatment strategy in patients with RA, 1 only 28%-44% of patients with early RA exhibit sufficient clinical response to methotrexate monotherapy within 6 months, 4 12 13 and another treatment strategy must be considered in those for whom the treatment is insufficient. Because radiographic damage occurs early in the course of RA, 3 timely adaptation of therapy after failure of the initial treatment strategy may be necessary to prevent irreversible damage. Current recommendations suggest adjusting therapy when patients have no improvement by 3 months or have not reached the therapeutic target by 6 months. 1 Consequently, identifying patients who are at risk of methotrexate failure would facilitate a more targeted therapy strategy and allow earlier adjustment of treatment.
In our post hoc analysis of two randomised, double-blind, placebo-controlled trials in patients with early RA receiving initial methotrexate monotherapy, baseline disease activity by composite measures was the strongest positive predictor of insufficient response to the starting therapy at 6 months. Although methotrexate was the starting treatment in our analysis, prior research suggests that the predictive value of early disease activity on later outcomes is independent of the particular regimen, as correlations in a previous report were observed whether patients received methotrexate monotherapy or methotrexate plus a tumour necrosis factor (TNF) inhibitor. 14 Furthermore, in our analysis, early clinical activity (ie, time-averaged DAS28(CRP), SDAI and CDAI over 4, 8 and 12 weeks) was a significant predictor of insufficient response to methotrexate, suggesting that changes in clinical disease activity as early as 4 weeks can predict response to methotrexate treatment at 6 months. Similarly, various predictors for response to methotrexate therapy in patients with RA have been identified in previous studies, including high disease activity (measured by DAS, SDAI or CDAI) and HAQ score at baseline 14 15 and disease activity (measured by DAS28, SDAI or CDAI) at 3 months. 14 Early disease activity has been previously found to predict later disease activity in patients with RA treated with the TNF inhibitor certolizumab pegol. 16 17 An analysis of seven pivotal, randomised trials in early and established RA demonstrated that disease activity response reached at 3 months is significantly associated with reaching target at 6 months; interestingly, the type of treatment did not significantly influence the accuracy of the analysis. 18 More studies are warranted to confirm these results.
Besides being predictors of insufficient response to methotrexate, baseline and time-averaged disease activity were also significant predictors of CRRP in the present analysis. Baseline DAS28 and mTSS were also identified as predictors of radiographic progression in early RA in a previous study. 19 This is in line with other studies that have long found that markers of disease activity (eg, CRP, erythrocyte sedimentation rate and swollen joint count) are predictors of radiographic progression, aside from autoantibody positivity and presence of early damage. 7 20-26 Our findings also showed that glucocorticoid treatment at baseline was a negative predictor of CRRP in the baseline and time-averaged models (and also of insufficient response to methotrexate in the baseline models), similar to established understanding. 27 Overall, these results are in line with the treatment-to-target strategy and support timely adaptation of therapy with TNF inhibitors in patients who have insufficient response to methotrexate. 1 2 When assessing response to methotrexate, more consistent results have been obtained in other studies when using sex as a predictor. Men respond better to methotrexate therapy than women, and studies in early RA have identified female sex as a predictor of poor response to methotrexate. 12 28 29 Greater body mass index also has been shown previously to negatively predict radiographic progression. 30 31 Our findings were consistent with these patterns. Overall, these data suggest that women with early RA who receive methotrexate may benefit from frequent early monitoring of disease activity, allowing for the opportunity to adjust treatment within the first 3-6 months for those with insufficient response. Indeed, it is currently recommended to change treatment regimen if disease activity has not improved by at least 50% within 3 months after treatment start. 1 18 When assessed for long-term outcomes, patients who received adalimumab rescue therapy at week 26 (OPTIMA) had significantly greater improvements and odds of achieving LDA at week 78 compared with patients who received methotrexate monotherapy (PREMIER) for 76 weeks. Nonetheless, 41% of patients who received methotrexate monotherapy achieved LDA at week 76. A previous study demonstrated delayed response to methotrexate monotherapy versus methotrexate combined with adalimumab. 32 Taken together, these results suggest that, although more patients receiving combination therapy achieve LDA earlier, some patients receiving methotrexate monotherapy will achieve treatment response later. Future analyses should explore what factors predict successful long-term methotrexate treatment in some patients, despite an insufficient response at 6 months, to identify who might not require adaptation of therapy.
In this post hoc analysis, integration of the populations randomised to receive methotrexate in the OPTIMA and PREMIER trials allowed identification of outcomes and predictors of insufficient response to methotrexate and CRRP. However, because population differences can impact treatment response, 33 the possible heterogeneity between pooled study populations is a limitation of this analysis. Other limiting factors included possible patient selection bias and multiple comparisons and the fact that the analyses compared the results of two separate trials that were not conducted head to head, were done in different calendar years and had non-identical designs and baseline characteristics. Also, smoking status, citrullinated peptide positivity and erosions (except as part of mTSS) were not included in the predictor regression models. Furthermore, addition of glucocorticoids when methotrexate treatment failed was not part of the study protocols. However, because (based on recent insights) conducting a 2-year methotrexate monotherapy study in patients with an insufficient response to methotrexate is not in line with current ethical considerations, this analysis provides data not attainable in future studies.
In patients with early RA, baseline disease characteristics and patient demographics as well as early disease activity can predict response to methotrexate treatment and radiographic progression at 6 months. In patients who did not achieve LDA after 6 months of initial methotrexate monotherapy, the addition of adalimumab to the treatment regimen was associated with better clinical, functional and radiographic outcomes. These results support, and indirectly confirm, treatment-to-target strategies and timely adaptation of therapy with TNF inhibitors in patients with early RA and identify risk factors of patients who are not responding sufficiently to methotrexate.
